To evaluate whether serum matrix metalloproteinase-9 (MMP-9) is associated with peripheral neuropathy (PN) in patients with systemic lupus erythematosus (SLE) and to determine the relationship between MMP-9 serum level and SLE disease activity, lupus manifestations, and laboratory markers. Patients and methods A total of 30 patients with SLE with PN, 30 patients with SLE without PN, and 20 healthy controls were included in this study. SLE clinical manifestations, Systemic Lupus Activity Measure (SLAM) index, and laboratory markers were evaluated. All the data were compared and correlated with serum MMP-9 level. Results MMP-9 showed a significant increase in frequency in SLE with PN group compared with SLE without PN group (P 1 =0.037), SLE with PN group compared with control group (P 2 <0.001), and SLE without PN group compared with control group (P 3 <0.001). In comparison between SLE with normal MMP-9 group versus SLE with high MMP-9 group, it showed no statistically significant difference between the two groups regarding demographic data, SLAM index, Erythrocytes sedimentation rate (ESR), C-reactive protein (CRP), Antinuclear antibodies (ANA), Antiphospholipid antibodies (APL), C3, C4, anti-double-stranded DNA, and lupus clinical features, except malar rash and lupus nephritis, which showed significant increase in SLE with high MMP-9 group compared with SLE with normal MMP-9 group (P=0.042 for each). A significant positive correlation was detected between MMP-9 serum level and SLAM index (P=0.037), whereas antidouble-stranded DNA did not show significant correlation. There was a significant relation between increasing the risk of PN and MMP-9 (odds ratio=4.031). Conclusion Significant elevation of serum MMP-9 may increase the risk of PN in patients with SLE, and it may correlate with disease activity, lupus nephritis, and skin involvement.
Introduction
Matrix metalloproteinases (MMPs) are a group of zinccontaining endoproteinases that can corrupt an assortment of extracellular matrix components [1] . MMP-9 is a kind of gelatinase that is secreted by certain cell types of the vessel wall, including T lymphocytes, macrophages, endothelial cells, as well as smooth muscle cells [2] . The main role of T cell-derived MMP-9 is to facilitate T-cell migration through connective tissue [3] . Increased activity of MMPs has been involved in various illness forms, including cardiovascular diseases and autoimmune diseases such as multiple sclerosis, Guillain-Barré syndrome, systemic lupus erythematosus (SLE), rheumatoid arthritis, and malignancies [4, 5] , for instance, MMPs have a role in other rheumatological diseases, as elevated serum and synovial MMP-3 levels reflect disease activity in patients with rheumatoid arthritis [6] .
Multiple studies analyzed MMP-9 activity in the sera of patients with active and inactive SLE to evaluate its ease as well as its diagnostic value. MMP-9 activity was significantly higher in the sera of patients with SLE compared with those of healthy controls [7] [8] [9] . The high levels of MMP-9 and its correlation to disease activity indices are controversial [10] [11] [12] .
In another study, circulating MMP-9 serum levels were compared with antibodies to single-stranded DNS and double-stranded DNA (ssDNA and dsDNA), so as to decide their relationship to inflammatory arthritic diseases. Patients having high anti-ssDNA and anti-dsDNA antibodies harbored significantly lower amounts of MMP-9 when compared with patients who had low levels of both anti-ssDNA and anti-dsDNA antibodies. Hence, neutrophil MMP-9, an inflammatory marker, inversely correlates with anti-dsDNA antibodies. The presence of antibodies, or another compound in patients with SLE might hinder the synthesis of MMP-9 or its activity. Another conceivable clarification is that the calcium ions are inhibited or destroyed, and in this way activated MMP-9 is being degraded [9] .
With respect to neuropsychiatric SLE, it has been proposed that autoantibody-mediated neuronal cell damage in SLE brains may be either a direct consequence of the vasculopathy or, alternatively, be owing to altered blood-brain barrier permeability for the autoantibodies. This raises the issue of whether altered endoproteinase expression plays a role in the vascular harm in both central nervous system (CNS) and peripheral nervous system (PNS) [13] .
It has been demonstrated that infiltration of the nerve tissue by macrophages and T cells across a functionally disturbed blood-nerve barrier (BNB) is one of the evident pathophysiological signs of inflammationmediated peripheral neuropathies. Among the effector molecules that might play a role in BNB function disturbance are MMPs. MMP-9 is capable of degrading the subendothelial basement membrane, and may in this manner be involved in the disturbance of the BNB. Moreover, altered expression of MMPs in the vessel walls might be an additional mechanism for blood vessel damage, resulting in ischemic nerve damage. Support for this theory comes from recent findings that plasma levels of MMP-9 are higher in patients with SLE [10, 14] . In this way, the upregulation of MMP-9 within the vessel walls may be responsible for the vascular damage seen in SLE and the resulting chronic combined axonal and demyelinating type of neuropathy frequently found in SLE [13] ; thus, further studies are needed to evaluate and test the theory that serum MMP-9 levels are associated with peripheral neuropathy (PN) in patients with SLE. Group III: 20 healthy individual as a control group, matched for age and sex with the case group.
Patients and methods

Statistical analysis
Data were fed to the computer and analyzed using IBM SPSS software package version 20.0. (IBM Corp., Armonk, New York, USA). Qualitative data were described using number and percent. The Kolmogorov-Smirnov test was used to verify the normality of distribution. Description of the quantitative data was done using the mean±SD in normally distributed data, whereas using the medium (the minimum and the maximum) in not normally distributed one. Significance of the obtained results was judged at the 5% level. Comparison between different groups regarding categorical variables was tested using χ 2 -test; when more than 20% of the cells have expected count less than 5, corrections for χ 2 was conducted using Fisher's exact test. Student t-test was used for normally distributed quantitative variables, to compare between two studied groups, whereas Mann-Whitney test was used for abnormally distributed quantitative variables. Odds ratio was used to calculate the ratio of the odds and 95% confidence interval of an event occurring in one risk group (SLE with PN) to the odds of it occurring in the nonrisk group (SLE without PN). Regression analysis was done to detect the most independent/affecting factor for PN. Distributions of the different electrophysiological parameters were calculated at 5th and 95th percentiles.
Receiver operating characteristic curve (ROC) is generated by plotting sensitivity (true positive) on yaxis versus 1−specificity (false positive) on x-axis at different cutoff values. The area under the ROC curve denotes the diagnostic performance of the test. Area more than 50% gives acceptable performance and area of ∼100% is the best performance for the test. The ROC curve allows also a comparison of performance between two tests.
Results
This study recruited 60 (30 with PN and 30 without PN) patients with SLE, with an age range of 18-58 years, and 10 controls, with an age range of 20-44 years. The duration of the disease ranged from 3 to 240 months.
Comparison among the three studied groups regarding high serum matrix metalloproteinase-9 level
Regarding the frequency of high serum MMP-9 level in group I, 26 (86.7%) patients had high, whereas four (13.3%) patients were normal; in group II, 19 (63.3%) patients had high, whereas 11 (36.7%) patients were normal; and in group III, one (5%) patient had high, whereas 19 (95%) patients were normal. The number of patients with high serum MMP-9 level was statistically higher in group I compared with group II (P 1 =0.037), and also there was a statistically significant increase in the number of patients with high serum MMP-9 levels in group I compared with group III (P 2 <0.001), and similarly in group II compared with group III (P 3 <0.001; Table 1 and Fig. 1 ).
The 60 patients with SLE were subdivided into two groups:
(1) SLE with normal serum MMP-9 group (15 patients). (2) SLE with high serum MMP-9 group (45 patients).
Comparison between systemic lupus erythematosus with normal serum matrix metalloproteinase-9 group and systemic lupus erythematosus with high serum matrix metalloproteinase-9 group regarding demographic data
There was no statistically significant difference between the two studied groups regarding sex, age, height, and BMI (Table 2) . There were no statistically significant differences between the two studied groups (SLE with normal serum MMP-9 group versus SLE with high serum MMP-9 group), regarding SLE clinical features, except of malar rash and lupus nephritis.
In SLE with normal serum MMP-9 group, two (13.3%) patients had malar rash, in comparison with 19 (42.2%) patients in SLE with high MMP-9 group. Malar rash showed a significant increase in SLE with high serum MMP-9 group compared with SLE with normal serum MMP-9 group (Table 3 and Fig. 2 ).
In SLE with normal serum MMP-9 group, two (13.3%) patients had nephritis, in comparison with 19 (42.2%) patients in SLE with high serum MMP-9 group. Nephritis showed a significant increase in SLE with high serum MMP-9 group compared with SLE with normal serum MMP-9 group (Table 3 Comparison among the three studied groups regarding high serum matrix metalloproteinase-9 level. CNS, central nervous system; FE, Fisher exact; P, P value for comparing between the two categories. *P≤0.05, statistically significant.
Figure 2
Comparison between systemic lupus erythematosus with normal serum matrix metalloproteinase-9 group and systemic lupus erythematosus with high serum matrix metalloproteinase-9 group regarding clinical features (malar rash and nephritis).
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Comparison between systemic lupus erythematosus with normal serum matrix metalloproteinase-9 group and systemic lupus erythematosus with high serum matrix metalloproteinase-9 group regarding diseases activity Systemic Lupus Activity Measure index
The diseases activity SLAM index in SLE with normal serum MMP-9 group ranged from 5 to 17, with a mean of 10.27±3.17. In SLE with high serum MMP-9 group, it ranged from 6 to 23, with a mean of 11.29 ±3.4. There was no statistically significant difference between the two studied groups according to SLAM index (Table 4 ).
Comparison between systemic lupus erythematosus with normal serum matrix metalloproteinase-9 group and systemic lupus erythematosus with high serum matrix metalloproteinase-9 group regarding acutephase reactants
There was no statistically significant difference between the two studied groups according to ESR and CRP (Table 5 ).
Comparison between systemic lupus erythematosus with normal serum matrix metalloproteinase-9 group and systemic lupus erythematosus with high serum matrix metalloproteinase-9 group regarding immunological markers
There was no statistically significant difference between the two studied groups regarding ANA, C3, C4, and anti-dsDNA (Table 6 ).
Correlation between serum matrix metalloproteinase-9 level and diseases activity Systemic Lupus Activity Measure index (n=60)
The correlations between MMP-9 serum level and SLAM index are demonstrated in Table 7 . Significant positive correlations were detected between MMP-9 serum level and SLAM index (r=0.270, P=0.037; Table 7 and Fig. 3 ).
Correlation between matrix metalloproteinase-9 serum level and anti-double-stranded DNA (n=60)
The correlations between MMP-9 serum level and anti-dsDNA are demonstrated in Table 8 . No significant correlations were detected between MMP-9 serum level and anti-dsDNA (r=0.055, P=0.676; Table 8 and Fig. 4 ).
Multiple logistic regression analysis of different immunological markers affecting peripheral neuropathy Table 9 shows multiple logistic regression analysis of different immunological markers affecting PN. There was a significant relation between increasing the risk of PN and MMP-9 serum level (P=0.047, odds ratio=4.031).
Receiver operating characteristic curve for optimal prediction of serum matrix metalloproteinase-9 cutoff value ROC curve analysis showed that the optimal prediction of serum MMP-9 cutoff value was more than 15.7 ng/ml, with a 71.67% sensitivity and 100.0% specificity.
Positive prediction value was 100 and negative predictive value was 54.1. The area under the curves was 0.805, and statistically significant P value was 0.001 (Table 10 and Fig. 5 ). 
Discussion
MMPs are a group of zinc-containing endoproteinases that can degrade a variety of extracellular matrix components; the up-regulation of MMP-9 within the vessel walls may be responsible for the vascular injury as a result of disturbed nerve blood-nerve barrier (BNB) permeability seen in SLE and the resulting chronic combined axonal degeneration and demyelinating type of neuropathy frequently found in SLE [13] . Thus, further studies are needed to evaluate and test the hypothesis that serum MMP-9 levels are associated with PN in patients with SLE.
The results of this study are in agreement with those conducted by Abd El-Aziz et al. [18] , Ainiala et al. [11] , Gurer et al. [14] , Mawrin et al. [13] , and Faber-Elmann et al. [10] which found significantly high levels of MMP-9 in patients with SLE and its relation to neuropsychiatric manifestations either centrally or peripherally, as well as its relation to lupus activity and clinical manifestations.
Abd El-Aziz et al. [18] reported that serum MMP-9 levels were found to be significantly higher (P<0.01) in patients with SLE compared with the control group.
Serum MMP-9 shows statistically significant correlation with lupus nephritis, malar rash, and photosensitivity, and it did not show any statistically significant correlation with ANA, alopecia, and mucosal ulcers. In contradictory to this study, serum MMP-9 showed a statistically significant correlation with anti-dsDNA, Raynaud's phenomenon, and photosensitivity. The results proposed that MMP-9 could be involved in the pathogenesis of SLE, and serum MMP-9 can be used as a marker to monitor disease activity, renal damage, disease progression, and amelioration in SLE. However, Makowski and Ramsby [9] compared circulating MMP-9 concentrations with antibodies to ssDNA and dsDNA to determine their relation in inflammatory arthritic diseases, and patients having high anti-ssDNA and anti-dsDNA antibodies harbored significantly lower amounts of MMP-9 when compared with patients who had low levels of both anti-ssDNA and anti-dsDNA antibodies. Hence, neutrophil MMP-9, an inflammatory marker, inversely correlates with anti-dsDNA antibodies. The presence of antibodies in patients with SLE may be a direct cause for inhibition of MMP-9 synthesis or its activity. Another conceivable clarification is that the calcium ions are hindered or destroyed, and thus activated MMP-9 is being degraded.
Gurer et al. [14] researched the expression pattern and cellular source of MMP in vasculitic neuropathy. Nerve biopsy sections of eight patients with nonsystemic vasculitic neuropathy, four with systemic vasculitic neuropathy, and eight patients with noninflammatory neuropathy were examined for the presence of CD4+, CD8+, and CD68+ cells and immunohistochemical analysis for MMP-2 and MMP-9 expression. No difference was recognized between immunostaining types of nonsystemic and systemic vasculitic neuropathies with the antibodies utilized, except in MMP-9 immunostaining, which was observed to be enhanced in nonsystemic vasculitic neuropathy group. These outcomes proposed a pathogenic effect of MMP-9 secreted from CD8+ cells in vasculitic neuropathy. However, Gurer et al. [14] investigated the inflammatory role of MMP-9 using nerve biopsy sample rather than the serum sample as used in this study; both agreed the pathological role of MMP-9 in vasculitic neuropathy.
Mawrin et al. Faber-Elmann et al. [10] noticed that serum MMP-9 activity is significantly higher in patients with SLE compared with healthy controls. High serum MMP-9 activity was identified in 68% of the patients with SLE. Elevated serum MMP-9 was significantly correlated with the lupus clinical features regarding discoid rash, Raynaud's phenomenon, pneumonia, oral ulcers, and anti-phospholipid antibodies. High levels of serum MMP-9 did not show correlation with disease activity index (SLEDAI, BILAG) in female patients; however, it seems to be correlated with SLE activity in the group of male patients. The results of this work proposed that elevated serum MMP-9 level plays a significant pathogenic role in SLE.
Ainiala et al. [11] studied the association between serum (MMP-9) level and neuropsychiatric manifestations including polyneuropathy. No significant difference was detected in serum MMP-9 levels between patients with SLE and controls. On the contrary, patients with SLE who had at least one neuropsychiatric manifestation (patients with neuropsychiatric SLE) showed significantly higher serum MMP-9 level than patients with SLE without neuropsychiatric events (P=0.009). Serum MMP-9 concentration did not show significant correlation with the ECLAM index as an activity monitoring; however, it was correlated significantly with the SLICC damage index.
Figure 3
Correlation between matrix metalloproteinase-9 serum level and diseases activity Systemic Lupus Activity Measure index (n=60). In contrast to our results, Liu et al. [7] reported that decreased serum levels of MDC and MMP-9 were found in patients with renal damage than those without the damage (P<0.001 and <0.05). These data suggested that MDC and MMP-9 might be enrolled in lupus pathogenesis and serum levels of MDC and MMP-9 could be markers of monitoring disease activity, renal involvement, disease deterioration, and improvement in SLE.
The explanation of lower serum level of MMP-9 in SLE activity and organ damage suggests its role in Correlation between matrix metalloproteinase-9 serum level and anti-double-stranded DNA (n=60). ANA, antinuclear antibodies; APL, antiphospholipid antibodies; CI, confidence interval; LL, lower limit; MMP, matrix metalloproteinase; OR, odds ratio; UL, upper limit. *P≤0.05, statistically significant. [20] proposed that MMP-9 degrades auto-antigens, coupled to immunoglobulins in IC. Further studies about the role of MMP-9 in SLE pathogenesis will suggest new and interesting information about the pathophysiology and disease progression; moreover, it will allow the possible achievement of new effective treatment options.
Conclusion
Significant elevation of serum MMP-9 may increase the risk of PN in patients with SLE. High serum MMP-9 level correlates with lupus disease activity and significantly relates to lupus nephritis and skin involvement.
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Figure 5
Receiver operating characteristic curve for serum matrix metalloproteinase-9.
